SUMMARY Cervical punch biopsy specimens or brushings were collected from 33 patients with cervical human papilloma virus (HPV) infection, cervical intraepithelial neoplasia (CIN), or invasive cervical carcinoma, and from eight control patients with recent normal cervical cytology. Prostatic chippings obtained from six men with benign prostatic hypertrophy were used as further controls. Biopsy specimens and brushings were assayed by flow cytometry for c-myc oncogene antigen and papillomavirus antigen expression and rate of cell division (by measuring DNA content). Results obtained from analysis of specimens and brushings were similar in terms of c-myc antigen and total DNA content, but when the percentages of nuclei from biopsy and brush specimens staining positively with antibody to papilloma viral antigens were compared, brush specimens gave consistently higher percentages than biopsy specimens. More specimens from normal epithelium were c-myc antigen positive (five of eight, (63%) than specimens from CIN II or III (two of 10, 20%), or invasive carcinoma (0%). No association was found between c-myc antigen expression and cell division. HPV antigen positive specimens were found to contain more dividing cells than negative specimens.
The association between human papillomaviruses (HPV) and cervical intraepithelial neoplasia (CIN) is well recognised, but whether the association is causal or casual remains uncertain.' The virus is believed to stimulate cell division within the squamous epithelium of the cervical transformation zone, and may cause arrest in the "S" phase (the phase of DNA synthesis) of the cell cycle.23 HPV DNA can be identified in 80-90% cases of CIN4 regardless of stage, but expression of viral antigens depends on epithelial differentiation and is therefore less common in CIN III than in CIN I.V The c-myc oncogene is expressd in almost all differentiated cell types and the protein is thought to act as a transcriptional regulator.6 One group has shown that increased c-myc protein expression is closely associated with the entry of a cell from the Go or resting phase into the cell cycle, while almost complete shut offof c-myc expression accompanies the inhibition of proliferation associated with differentiation. 7 Other workers, however, report that c-myc protein synthesis is independent of the cell cycle.8
Structural changes in the c-myc gene and abnormal expression of the c-myc product have been observed in numerous tumours, particularly B and T cell maligAccepted for publication 21 July 1988 nancies.9 In the cervix, c-myc DNA amplification is reported to be associated with increasing severity of invasive carcinoma.'0" Stage Seven patients undergoing extended abdominal hysterectomy for invasive squamous cervical carcinoma were studied. Biopsy specimens were taken from the tumour and from adjacent cervical epithelium within 20 minutes of the specimen being removed from the patient.
CERVICAL BRUSH SPECIMENS
A Cytobrush (Medscand'6) was used to obtain these specimens with the bristle end of the brush bent at an angle of about 500, according to the method of EliasJones et al. '7 The distal end of the brush was inserted just inside the external os and the brush rotated through 360°to obtain exfoliated cells from the whole of the transformation zone. The plastic holder was then cut in half and the brush placed in a sample tube containing 5 Cervical biopsy specimens, thawed after the cryostat section had been cut, were minced and incubated in pepsin solution (as above). After 45-60 minutes the supernatant was drawn off and centrifuged at 700 x g for 10 minutes; the pellet was washed in PBS and respun at 700 x g for 10 minutes. Any clumps ofnuclei were dispersed by syringing through a fine gauge needle (26g).
STAINING
Nuclear antigen Nuclei were fixed in 1% formol saline in PBS containing 2% normal sheep serum (NSS) for 10 minutes at room temperature. They were centrifuged (all centrifugations were at 700 x g for 10 minutes) and resuspended in 20% NSS in PBS at a concentration of 106 nuclei/ml for 20 The percentage of papillomavirus antigen positive nuclei in biopsy specimens and brushings from the same patient varied considerably.
C-MYC ANTIGEN STAINING
The number ofspecimens in each histological category staining positively with the anti-c-myc antibody Mycl-6E10 is shown in table 2. The percentage of specimens from normal cervical epithelium that were c-myc antigen positive was higher (63%) than the percentage of c-myc positive specimens from CIN II or CIN III (20%) or invasive carcinomas (0%). These differences were not significant by Fisher's exact probability test (p < 0.05), although the difference between normal and invasive carcinoma does reach significance at the p < 0-2 level. The range ofpercentages ofnuclei staining positively with Mycl-6E10 (in the positive specimens) is also shown. If c-myc positive specimens in each histological group were compared the percentage of nuclei in each specimen staining positively did not vary by more than 2-3% (table 2) .
The percentage of nuclei in the S + G2 + M phases of the cell cycle in c-myc antigen negative and c-myc Table 2 c-myc antigen in biopsy specimens and brushingsfrom normal and abnormal cervical epithelium between the HPV antigen positive biopsy samples from the different histological groups. The percentage of nuclei in the S + G2 + M phases of the cell cycle in HPV negative and positive specimens is shown in table 5. Within each group except CIN with koilocytosis, HPV positive specimens contained more dividing cells than HPV negative specimens. The differences were not significant (Mann Whitney U test) owing to the small numbers in the HPV negative groups.
The results obtained from staining six specimens of prostatic chippings obtained at transurethral resection of prostate are shown in table 4 . No positive staining was obtained with antibody to papillomavirus antigens in these specimens.
No HPV antigen expression was detected in seven cases of stage lb cervical carcinoma. This was not unexpected as antigen expression is known to decrease as the severity of cervical neoplasia increases.5 HPV antigen was detected in two of four biopsy specimens from normal epithelium adjacent to invasive carcinomas, and in two of three biopsy specimens from dysplastic epithelium adjacent to invasive carcinomas. This was also anticipated as Kurman et aP reported antigen expression in CIN I and II adjacent to CIN III which was antigen negative; while Ferenczy et aP4 found the presence of HPV DNA in biopsy specimens taken from normal skin adjacent to treated anogenital warts. of otherwise normal cervices contain HPV DNA. The proportion of dysplastic biopsy specimens containing HPV antigen positive nuclei (71%, table 4) is higher than is generally reported for immunohistochemical studies ofparaffin wax sections.5 HPV DNA, however, can be isolated from 70%33 to 85%3 of dysplastic cervical biopsy specimens. The higher concentration of antigen expression in CIN reported here compared with that of immunohistochemical studies may be due to the fact that flow cytometry permits the rapid analysis ofmany thousands ofnuclei. It is also possible that the method of preparation of nuclei exposes the viral antigens in a way which makes them more accessible to antibody. It has been postulated that cells infected with HPV behave initially as though stimulated by a non-specific mitogen and that in a semipermissive epithelium many cells remain in a prolonged S or G2 phase. 3 We have previously shown an increase in cellular proliferation in koilocytic lesions in the absence of CIN2, and the demonstration here of an increased proportion of nuclei in the S + G2 + M phases in HPV antigen positive specimens is further evidence to support the hypothesis that HPV infection stimulates increased cell division.
Thus evidence is provided to support the use of the cervical brush as a non-invasive alternative to punch biopsy in obtaining specimens suitable for flow cytometric analysis. We believe that flow cytometric assay of c-myc antigen content and cellular DNA content should be further investigated as a possible diagnostic tool for screening purposes. Our data confirm the reported finding of Hendy-Tibbs et al,"3 that c-myc antigen expression is higher in normal than in neoplastic cervix. Further work using unfixed cells will be necessary to discover whether this finding has relevance to the in vivo role of the c-myc oncogene in proliferation control. The present study supports our earlier contention2 that HPV stimulates epithelial cell division, and we believe that HPV may be a carcinogenic agent simply by providing a greater number of opportunties for mutations and neoplastic change. This work was supported by the Melville Trust and the Cancer Research Campaign.
